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Abstract 

We study the pion distributions in jets produced in heavy-ion collisions in asso¬ 
ciation with trigger particles restricted to definite momentum ranges. We determine 
the centrality dependence of the associated particle distributions for both d-|-Au and 
AuJ-Au collisions in the recombination model. The central-to-peripheral ratios show 
significant dependence on centrality for Au-|-Au collisions, but negligible dependence 
for dJ-Au collisions. The results are in agreement with the qualitative features of the 
data. 
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In an earlier paper [1] dihadron correlation in jets produced in heavy-ion collisions (HIC) 
was studied in the recombination model [2], In that paper the distribution of particles (tt’*' 
at P 2 ) associated with a trigger (tt’*' at pi) was calculated; it is the conditional distribution 
for every hxed pi, denoted by 

dN^+ _ dN^+^+/dpidp2 
dp2 dN^+/dpi 

In [1] this equation is expressed in Eq. (18) there in a form that exposes the hard parton 
integration. Equation (1) was then integrated over pi for trigger momentum in the range 
4 < Pi < 6 GeV/c, corresponding to one of the trigger windows of the STAR experiment 
[3] at the Relativistic Heavy-Ion Collider (RHIC). However, that integrated result does not 
correspond to the quantity that is presented by STAR as the measured associated particle 
distribution (APD). Instead of the integral of the ratio in Eq. (1), the experimental APD 
thus far analyzed is the ratio of the integrals 

dNassoc J4 dpiPiP2(l)2) 

P2dp2 f^dpipipiil) 

where 


Pi(l) = 


Pidpi ’ 


P2(1,2) = 


PiP2dpidp2 ' 


The ratio in Eq. (2) was calculated in [4] for central Au-|-Au collisions, and was shown to 
be in reasonable agreement with the data when due consideration of the differences in the 
particle types measured is taken into account. In this short paper we show the centrality 
dependence of the APD in Eq. (2) for both d-l-Au and Au-|-Au collisions, as well as for two 
different ranges of the trigger momentum. 
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It should be noted that if the ranges of integration over pi in Eq. (2) are taken to be 
inhnitesimal, there is no essential difference between Eqs. (1) and (2). There is nothing 
wrong with Eq. (1), which corresponds to the usual conditional probability often considered 
in statistical physics. The APD in Eq. (2) with a signihcant range of 2 GeV/c for the trigger 
Pt is preferred for data analysis mainly to gain better experimental statistics. Over the 
intermediate pt region where the calculated APDs decrease by three orders of magnitudes, 
they do not differ by very mnch in the general shape whether Eqs. (1) or (2) is used. However, 
the ratio of the distributions for central to peripheral collisions depends more sensitively on 
the trigger range. The calculation of that ratio according to Eq. (2) is the main objective of 
this work. 

As in [1], we consider here only the correlation between two pions, one being the 

trigger particle in two trigger windows, the other being the associated particle in the range 
P2 < Ptrigger- This is a simpler and trackable system than what has been measnred, which 
inclndes all charged hadrons, bnt is rich enough in the various recombination components to 
provide a meaningful representation of the APD. In onr calculation we use the basic formulas 
in the recombination model [1, 2], for which pi(l) is 


^ = fdkkMk) 

Pidpi P i ' 




- /dftnpi-jos/fxj + tcr (I 


P 


k 


( 4 ) 


where the thermal-thermal recombination component {TT) has been omitted, since we stndy 
here the particles in a jet. In Eq. (4) fi{k) is the distribntion of hard partons in HIC 
and is proportional to the nnmber of binary collisions (A'^coii); ^ is the average fraction 
of hard partons that emerge from the dense medinm to hadronize outside. T(g) is the 
thermal parton distribution [1, 2], whose parametrization for An-I-An collisions has now 
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been extended to all centralities [4], S'/ is the shower parton distribution (SPD) given in 
[5]. is the fragmentation function from hard parton i to pion and accounts for the 
shower-shower recombination component. For p 2 (l, 2 ) in Eq. (2) we have 




PldpiP2dp2 PiPi J V*=l 


H—) F4{qu q 2 , qs, q4)R7n{qi, qs, Pi)Rn 2 {q 2 , Qa, P 2 ), (5) 


where R^^ is the recombination function for the formation of a pion, and F 4 is 4-parton 


distribution, which in our case here is 


Fa = {TS + SS)az{TS + 5 ^) 24 , ( 6 ) 

where the TT terms have been omitted for the same reason as in Eq. (4). The details of 
how S and (SS) are expressed in terms of SPDs are described in [ 1 , 2 , 4]. 

For d-|-Au collisions the hard parton distribution fi{k) and the parameters of the thermal 
distributions at various centralities are given in [ 6 ], while for Au-|-Au collisions the corre¬ 
sponding quantities are given in [4]. We now can calculate the APD in Eq. (2) for d-l-Au 
collisions, as well as for Au-|-Au collisions, for all centralities. The results for dN/dp 2 are 
shown in Figs. 1 and 2 for trigger windows 4 < pi < 6 GeV/c and 6 < pi < 8 GeV/c, respec¬ 
tively. What is notable in these hgures is that there is negligible centrality dependence in 
(a) for d-|-Au collisions, but signihcant dependence in (b) for Au-|-Au collisions. The ratios 
dAu(cent)/dAu(peri) and AuAu(cent)/AuAu(peri) are shown in Fig. 3 as functions of the 
momentum of the associated particle. The solid lines in Fig. 3 are for Au-|-Au collisions and 
are far from 1 , indicating appreciable dependence on centrality. At ~ 1 GeV/c the ratio is 
about 3, which implies that the thermal partons in central collisions drastically enhance the 
production of hadrons. The data shown in triangles are from STAR [7] for AuAu(0-5%)/pp 
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for trigger in 4 < < 6 GeV/c with all charged hadrons included in the associated par¬ 

ticles. Our result agree with the data for pt < 3 GeV/c. Other analysis of the STAR data 

[8] are also in support of our result. The large factor of 3 around pt = I GeV/c would be 
hard to attain by the medium modihcation of the fragmentation function, if fragmentation 
is considered instead of recombination for hadronization. 

The dashed lines for d-l-Au collisions are just above 1, and are virtually indistinguishable 
from one another in the two trigger window cases. The data shown are preliminary results 
from PHENIX on the ratio of the APDs for 0-20% d-l-Au to p-|-p collisions for all charged 
hadrons on the near side in association with a pion trigger in the pt range of 5-10 GeV/c 

[9] . Despite the differences in the calculated and measured quantities, the general agreement 
between the two suggests that our model calculation has captured the essence of the nature 
of the correlation. There are also other preliminary experimental data on conditional yield 
in d-|-Au collisions that show approximate independence on centrality [10]. 

The reason why there is less centrality dependence in d-l-Au collisions is that the thermal- 
shower component plays a much less prominant role than it does in Au-|-Au collisions. Since 
the parts in the factors ifi{k) in pi(l) and p2(l,2) in Eq. (2) that depend on (A^coii) cancel 
each other, only the T terms in Eqs. (4) and (6) produce the centrality dependence, and 
they are minor in d-|-Au collisions. For Au-|-Au collisions SS recombination is insignificant 
in the intermdediate pt region, so the TS terms are dominant in Eqs. (4) and (6), resulting 
in the dependence on centrality shown in part (b) of Figs. 1 and 2. Figure 3 exhibits the 
difference of the two colliding systems in terms of ratios. 

We have calculated the associated particle distributions only for p 2 > 1 GeV/c because 
our formalism for particle production is not reliable for < 1 GeV/c. For that reason we 
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do not integrate the associated particle distribution to determine the yield per trigger, since 
it is dominated by the contribution from the low pt region. Nevertheless, by inspection of 
the distributions in Figs. 1 and 2, it is clear that the yield/trigger is not likely to depend on 
centrality very much for d+Au collisions, but signihcantly for Au+Au collisions. 

Our conclusion is that when the associated particle distributions are calculated as the 
ratio of the integrals given in Eq. (2), we hud significant dependence on centrality for Au+Au 
collisions [7, 8], but negligible dependence on centrality for d+Au collisions, and is in agree¬ 
ment with the data [9, 10]. 

This work was supported, in part, by the U. S. Department of Energy under Grant No. 
DE-FG03-96ER40972. 
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Figure Captions 


Fig. 1. Associated particle distribution for as trigger in the range 4 < < 6 GeV/c 

and for tt’*' as the associated particle in the range 1 < pr < 5 GeV/c for all centralities 
in (a) d+Au collisions and (b) Au+Au collisions. 

Fig. 2. Associated particle distribution for as trigger in the range 6 < px < S GeV/c 
and for tt’*' as the associated particle in the range 1 < px < 7 GeV/c for all centralities 
in (a) d+Au collisions and (b) Au+Au collisions. 

Fig. 3. Ratios of AuAu(central)/AuAu(peripheral) and dAu(central)/dAu(peripheral) as 
functions of the momentum of associated tt’*' for two trigger windows. The data in 
triangles are from [7] for AuAu(0-5%)/pp with trigger in 4 < px^ < 6 GeV/c. The 
shaded region shows the systematic uncertainties. The data in squares are preliminary 
results from PHENIX [9] for dAu(0-20%)/pp for all charged hadrons on the near side 
in association with pion trigger in the interval 5 < px < 70 GeV/c. 
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